The origin and role of the endonuclease activity associated with purified virions of simian virus 40, previously described by this and other laboratories, have been further investigated. We found that the enzymatic activity from virions of temperature-sensitive (ts) mutants is not more heat labile than that from wild-type virions. This result was obtained for a variety of ts mutants, including three of the tsA class, and in experiments in which the enzyme was tested in both the presence and absence of viral particles. Comparison of the virion enzyme with endonucleases prepared from either serum or nuclei of uninfected cells reveals a similarity between the virion and serum enzymes based on chromatographic behavior and relative activity with different cations. Virus particles prepared free of this endonuclease were still infectious. We were unsuccessful in uncovering endonuclease in such preparations upon disruption. These data emphasize the necessity for caution in interpreting the role of particle-associated enzymes.
The origin and role of the endonuclease activity associated with purified virions of simian virus 40, previously described by this and other laboratories, have been further investigated. We found that the enzymatic activity from virions of temperature-sensitive (ts) mutants is not more heat labile than that from wild-type virions. This result was obtained for a variety of ts mutants, including three of the tsA class, and in experiments in which the enzyme was tested in both the presence and absence of viral particles. Comparison of the virion enzyme with endonucleases prepared from either serum or nuclei of uninfected cells reveals a similarity between the virion and serum enzymes based on chromatographic behavior and relative activity with different cations. Virus particles prepared free of this endonuclease were still infectious. We were unsuccessful in uncovering endonuclease in such preparations upon disruption. These data emphasize the necessity for caution in interpreting the role of particle-associated enzymes.
A variety of viruses of different classes have been found to have enzymatic activities associated with purified virion particles. More specifically, DNA endonucleases have been reported as associated with both bacterial and mammalian viruses (4, 6, 12, 14-16, 23, 25) ; such activity could be demonstrated with different purified DNAs as substrate including that of the virus from which the enzyme was obtained. Cuzin et al. (6) first reported that polyoma virions had an associated nuclease which was more active with polyoma DNA I than with mouse cell DNA. Shortly thereafter, two laboratories (including this one) reported endonuclease activity for virions of another papovavirus, simian virus 40 (SV40) (14, 15) . Cuzin and co-workers (23) subsequently found that the polyoma endonuclease caused a break at only one site of polyoma DNA I and at only two sites with SV40 DNA I. Nevertheless, the biological significance of these endonucleases has remained unclear.
One approach to the assessment of the role of such an activity would be to determine the genetic origin of the enzyme. In particular, a class of temperature-sensitive mutants (5, 8-10, 26, 27) of both SV40 and polyoma (tsA) has been isolated which is defective in viral DNA replication in and transformation of susceptible cells-both involving viral functions consistent with a putative virus-specified endonuclease. Only limited studies have been reported on enzyme and virions prepared from tsA or ts mutants in other functions, however. Cuzin et al. (7) found no nuclease activity when tsA virions of polyoma (propagated at 33 C) were assayed at 37 C or lower temperatures. Kidwell et al. (15) found that a few ts mutants of SV40, including one of the tsA class, had detectable nuclease when tested at 33, 37, or 41 C. We, therefore, undertook to extend these preliminary findings with SV40 to a larger variety of ts mutants including several representatives of the tsA class. Furthermore, DNA endonucleases active on SV40 DNA I were partially purified from two nonviral sources for comparison, namely, nuclei from uninfected monkey cells and fetal calf serum. Finally, the nature of association of the endonuclease with the virion was investigated both in an effort to obtain a soluble protein for further biochemical investigation and to understand the resistance of viral DNA I in the undisrupted virion to the action of this enzyme.
Using conventional procedures for purification of virions of papovavirus, we found that the predominant nuclease activity is only loosely associated with the virus particles of both wild-type and ts mutants. The enzyme from ts mutants is not more heat labile than that obtained from wild-type virions. Furthermore, this virion enzyme shows a striking similarity with an endonuclease obtained from fetal calf serum. By improving the purification procedure ENDONUCLEASES AND SV40 VIRIONS 353 for virions, we have been able to obtain infectious virus free of overt endonuclease. When such intact virions were disrupted by a variety of techniques, we were unable to detect reproducibly any endonuclease activity.
MATERIALS AND METHODS Cells and virus. The methods of cell culture and virus growth have been previously described (15, 21) . Plaque assays were performed with TC-7 cells (24) . Wild-type virus (SV-S) was routinely propagated at 37 C whereas the ts mutants were propagated at 33 C. Cells were infected at low multiplicity of infection for preparation of virus stocks and at high multiplicities of infection for virion purification. Medium used for virus propagation contained 1% fetal calf serum (GIBCO) which had been previously stored at -20 C and minimally frozen and thawed before addition to Dulbecco modified Eagle medium.
Solutions and chemicals. All solutions containing Tris were 10 mM Tris-hydrochloride at pH 7.4 unless otherwise indicated. Solutions of divalent cations were prepared at 0.5 to 1 M in water and autoclaved.
Samples were prepared for repeated use; fresh samples were opened weekly. Sucrose was dissolved at 70% (wt/vol) in water and autoclaved prior to use. Sucrose (ultrapure), CsCl (optical grade), and deoxycholate were obtained from Schwarz-Mann.
Virus purification. The methods used for preparation of virus purified by isopycnic centrifugation in this laboratory from sonically disrupted cells (method A) or medium (method B) have been previously described (15, 20, 21 Except where noted, all incubations were carried out at 37 C. Conversion of DNA I to II in the reaction was analyzed by alkaline sucrose gradient centrifugation as previously described (15) . Alternatively, we utilized a filter disk method, as modified from the procedure of Geiduschek and Daniels (11) . To terminate the reaction, 10-IA samples were transferred to polypropylene tubes containing 0.5 ml of cold SSC at 4 C. The tubes were boiled for 8 min and rapidly cooled in an ice slurry. Under these conditions, DNA I re-VOL. 17, 1976 mains double stranded, whereas DNA II is converted to a single-stranded form. The single-stranded DNA was quantitatively collected by passage through nitrocellulose filters (Schleicher & Schuell Co., B6). The filters were washed with 0.5 M NaCl-Tris. The DNA I was not retained on the filter. Less than 5% of DNA I was converted to a form which bound to the filter under these conditions. Good agreement was obtained by the two assay procedures due to the absence of exonuclease in our test preparations. Only when very high levels of endonuclease were assayed did we observe production of single-stranded DNA too small to be retained by the filter. The rate of reaction was otherwise linear with time of incubation and concentration of enzyme to approximately 70% conversion of DNA I as previously reported (14, 15) . We employed this filter procedure in preference to the one we previously described (15) because of its convenience in processing large number of samples simultaneously, as in assaying column eluates, since the terminated reaction samples could be stored at 4 C prior to heat denaturation. The filter disk procedure could be utilized for the effect of all cations on the endonucleases except Mn.
Infectivity of purified virus. Confluent monolayers of Vero cells were prepared from cells passaged in medium containing 1% fetal calf serum. They were washed five times with medium without serum and infected with 0.5 ml of purified virus in medium with or without 1% serum. After adsorption for 60 min, the virus was removed, and the monolayers were washed and incubated in complete medium containing 1% serum at 37 C. At 40 h postinfection, cultures were labeled with 10 gCi of [3H ]thymidine per ml (Schwarz-Mann, specific activity 50 Ci/mmol) for 90 min. Viral DNA was isolated by the Hirt procedure and the DNA I was quantitated by centrifugation on linear 5 to 20% sucrose gradients at neutral pH and equilibrium centrifugation in CsCl-ethidium bromide.
Polyacrylamide gel electrophoresis. Purified virus preparations were analyzed on acrylamide gels by the procedure of Neville (19) after denaturation by 1% sodium dodecyl sulfate and 100 mM dithiothrietal at 100 C for 2 min in 0.05 M Tris-H2SO4 (pH 6.1). A comparison of different acrylamide concentrations and buffer pH values indicated that optimal resolution of known viral structural proteins VP1 and VP3 from possible "contaminants" of greater than 50,000 daltons (cf. 28) was obtained using a lower gel of 8% acrylamide at pH 9.18 (Tris-H2S04). Polypeptides were identified after fixation and staining by Coomassie blue. VP1 and VP3 gave molecular weights consistent with those previously published (42,000 and 32,000, respectively) where R, values were compared to standards including cytochrome c, chymotrypsinogen, ovalbumin, bovine albumin, phosphylase A, and fl-galactosidase. Cytochrome c and the histone-like polypeptides of SV40 (VP4-7) migrated with the marker front of bromophenol blue under these conditions, facilitating determination of R. among gels after staining.
Disruption of purified virions at pH 10.5. Anderer et al. (1) first reported that treatment of SV40 at pH 10.5 resulted in disruption of purified virions. Virus was dialyzed against 100 volumes of 0.15 M NaHgCOa-NaHCOs (pH 10.5) for 4 h at 4 C, followed by dialysis to pH 7.4 against 1,000 volumes of 0.01 M Tris. A portion of the disrupted virus was assayed directly for endonuclease activity or layered onto a sucrose step gradient for separation of soluble components from undisrupted particles and DNA. The step gradient consisted of 1 ml of 70% sucrose and 3 ml of 15% sucrose, both in Tris, and was centrifuged for 3 h at 45,000 rpm in an SW50.1 rotor at 4 C. Four fractions were obtained: (i) the upper 1 ml containing the initial sample volume and a variable amount of 15% sucrose, (ii) the region of the 15% sucrose layer, (iii) the interface between the 15 and 70% sucrose layers, and (iv) the 70% sucrose cushion. Virtually all undisrupted virus particles or viral DNA was found in fraction 3 and none was found in fraction 1. These two fractions were used for subsequent endonuclease studies.
Disruption of purified virions in DOC and salt. Papovavirus virions, though resistant to deoxycholate (DOC) alone, can be disrupted by DOC in the presence of 1 M NaCl (C. Basilico, personal communication) as has been reported for mitochondria (3) and vaccinia virus (21) . After a systematic study of the effects of DOC concentration, NaCl (or CsCl) concentration, pH, temperature, and time of incubation (M. T. Ryzlak and H. L. Ozer, unpublished data), the following procedure was developed. One volume of virus (0.1 to 1 mg of protein per ml) in 0.05 M Tris (pH 8.5) was mixed in sequence with one volume of DOC (3%) in water and one volume of NaCl (1.5 M) or saturated CsCl. Samples in CsCl, but not NaCl, became cloudy immediately. After incubation at 37 C for 20 min, the samples were diluted with 0.01 M Tris (pH 7.4), whereupon the sample containing CsCl became clear. The samples were routinely dialyzed overnight against 1,000 volumes of Tris and utilized directly or after separation on sucrose step gradients as in the prior section. In some experiments, samples containing NaCl were layered directly on the sucrose gradient without prior dialysis.
Isolation of nuclei. Vero cells were harvested from 10 roller bottles 6 days after reaching confluence. The cell sheet was washed twice with 50 mM sucrose in SMT (50 mM NaCl-3 mM MgCl2-20 mM Tris, pH 7.4). The cells were removed by scraping and washed twice by centrifuging through 50 mM sucrose-SMT (2,000 rpm for 5 min at 4 C in an International centrifuge). All subsequent procedures were at 4 C. The cell pellet (7.5 ml) was resuspended in 90 ml of 50 mM sucrose-SMT with a loosely fitting Dounce homogenizer until all the cells were disrupted as monitored by phase microscopy. The nuclei were pelleted by centrifugation (2,000 rpm for 10 min), resuspended in 480 ml of 2 M sucrose-SMT, and distributed into 12 cellulose nitrate centrifuge tubes (1 by 3.5 inches; about 2.5 by 8.9 cm), and centrifuged for 40 min at 20,000 rpm in an SW27 rotor. A portion of the nuclei pelleted to the bottom of the tube, the remainder of the nuclei having formed a pellicle at the top of the tube. The pellicles were pooled, homogenized in 480 ml of 2 M sucrose-SMT, and centrifuged as before.
Again, the nuclei partitioned into a pellet fraction and a pellicle fraction. The pellicle was homogenized and centrifuged a third time as above. The nuclear pellets from the three centrifugations were pooled in 50 mM sucrose-SMT and stored at -20 C.
Nuclear endonuclease extraction. Nuclei were disrupted at 4 C by sonic extraction for 1 to 2 min (Raytheon sonifier) at 0.7 A, and the particulate material was pelleted by centrifugation (5,000 rpm for 30 min at 4 C in a Sorvall SS 34 rotor). The pellets, containing approximately 50 to 60% of the DNA (as chromatin) as well as nucleoli and some nuclear membrane, were then extracted with 1.0 M NaCl-20 mM Tris (pH 7.4), for 90 min at 4 C. The extract was centrifuged at 45,000 rpm in the fixed-angle 5OTi rotor for 2 h at 4 C followed by dialysis against 10 mM Tris. After dialysis, the sample was centrifuged for 20 min at 20,000 rpm in a fixed-angle 40 rotor at 4 C. The supernatant, which was used for ion-exchange chromatography, contained 10% of the DNA originally present in the nuclear pellets. Accurate quantitation of nuclear endonuclease activity was very difficult since nuclear DNA interfered with the endonuclease assays.
Isolation of DNA endonucleases by DEAE-cellulose chromatography: nuclear endonucleases. The nuclear extract (13.5 ml, 2.7 mg of protein) was applied to a 5-ml DEAE-cellulose (Whatman DE-52) column previously equilibrated with 10 mM Tris (pH 7.4). All elution solutions for this and subsequent columns contained 10 mM Tris (pH 7.4). The column was washed with 10 ml of Tris, followed by gradient elution (0 to 0.5 M NaCl in Tris, 110-ml total volume) as shown in Fig. 1 . The eluate passed directly through an in-line dialyzer (Biomed Instruments, Inc., Chicago, Ill.) to remove NaCl and was collected in 0.7-ml volumes in freshly autoclaved tubes. The exact elution molarity was determined by measuring the conductivity of the buffer before it passed through the dialyzer. Endonuclease activity was measured by the filter disk method after incubation of 20 10 mM Tris (pH 7.4). A 0.5-ml volume was applied to a 4.5-ml DEAE-cellulose column equilibrated with 10 mM Tris. The column was washed with 5 ml of Tris and gradient elution was performed as described above. Endonuclease activity was measured by the filter disk method after incubation of 5 Ml of each fraction with 100 ul of [3H]thymidine DNA I in 10 mM Tris (pH 7.4), 10 mM MgCl for 13 min at 37 C. One hundred percent conversion would correspond to 200 counts/min bound. Radioactivity due to DNA 11 (50 counts/min) in the DNA preparation was substracted before plotting. The peak fractions (Fig. 2) were pooled, dialyzed to 0.01 M Tris (pH 7.4), and stored at -20 C. Samples retained activity upon prolonged storage.
Determination of radioactivity. Radioactivity was determined on aqueous samples using a TritonLiquifluor scintillation fluid (20) as previously described. Nitrocellulose filters from the filter assays were counted directly in Liquifluor. Samples which had been precipitated by trichloroacetic acid were collected on fiber-glass filters (GF/C) and assayed in Liquifluor. All determinations were by liquid scintillation spectrometry using a Beckman LS-250 without quench connection.
Chemical determination. Protein was determined by the method of Lowry et al. (17) , with bovine serum albumin as the standard. DNA concentrations were based on absorbency at 260 nm with an assumed Elj,, of 210.
RESULTS
Endonuclease associated with purified SV40 virions. We previously reported that a DNA endonuclease is associated with SV40 virions purified by repeated equilibrium centrif- ugation in CsCl (15) . Upon a subsequent isopycnic centrifugation, the major proportion of the enzymatic activity is associated with the virion particles. Enzymatic activity of purified virions from three ts mutants (tsD101, tsA7, tsB8) was comparable to that of wild-type virus (SV-S) whether the virions were incubated with radiolabeled viral DNA I at 33, 37, or 42 C. We have confirmed those results and extended the study to a larger number of mutants, including two tsA mutants which are more temperature restricted than the A7 previously studied ( Table  1 ). The relative enzymatic activities varied somewhat among virus preparations; however, no marked decrease of endonuclease activity at 42 C was observed with any of the ts mutants tested.
Solubilization of endonuclease from purified virions. The inability to inactivate at 42 C the endonuclease from tsA and other mutants could be attributable to stabilization of the enzyme by the virion particle. Thus we attempted to dissociate the endonuclease activity from the intact virion. It was found that when particles (which had been stored at -20 C) were treated with DOC and NaCl and sedimented through a sucrose density gradient, a considerable amount of activity remained at the top of the gradient. These fractions were pooled and tested for endonuclease activity at 42 and 33 C. The "soluble" enzymatic activity obtained in all cases was not inactivated even when tested after preincubation at 42 C (Table 2) . In fact, the data were quite similar to those in Table 1 with virions present. These results together suggested that the endonuclease was not coded for by the virus genome since it is well established that the tsA function responsible for initiation of viral DNA synthesis is quite labile intracellularly, disappearing within 10 to 20 min upon shift from 33 to 41 C (26) .
Although the data presented in Table 2 were from preparations which were partially disrupted (due to the DOC-NaCl treatment), free endonuclease was also obtained upon velocity centrifugation of virions which had not been so treated. This latter finding suggested that the virion endonuclease was in fact readily dissociable from the particles-rather unexpectedly in view of the extensive purification employed. Conceivably, the liberation of the activity from the virions could have been due either to osmotic shock (during dialysis out of 2.6 M CsCl after the final isopycnic purification step) or to damage upon storage at -20 C. To investigate these possibilities, the particles were treated as follows after the third successive isopycnic centrifugation. A portion of the virus, still in CsCl, was slowly diluted with an equal volume of 10 mM Tris. The suspension was then layered onto a preformed CsCl gradient. Another portion of ("preincubation") followed by assay at 42 C or preincubated at 33 C followed by assay at 33 C.
' Preincubation at 42 C for 60 min followed by assay at 37 C or no preincubation and assay at 37 C.
I NT, Not tested.
J. VIROL. a Virus was purified by method B and frozen at -20 C. Upon thawing, the virus was incubated for 10 min at 37 C in 0.1% DOC and 0.3 M NaCl at pH 7.4, followed by dilution with an equal volume of water. c See footnote c, Table 1 . d See footnote d, Table 1 . e NT, Not tested.
the virus was dialyzed and layered onto a sucrose step gradient. Surprisingly, both the amounts and the specific activities of the endonuclease at the top of the respective gradients were virtually identical (Table 3) . In this experiment, neither osmotic shock nor freezing could have played any role. Thus, a substantial portion of the activity bound to the virus after extensive purification will spontaneously dissociate from the virion particle. This implied that the particles were in reality continuously loosing associated endonuclease during purification. If so, the virion-associated activity might be a contaminant. As previously described by ourselves and others, virus particles purified in this fashion are free of readily detectable contaminants when analyzed by acrylamide gel electrophoresis after denaturation by sodium dodecyl sulfate and mercaptan. Investigators (28) have, however, also noted small amounts of high-molecular-weight polypeptides at the level of less than or equal to one molecule per virion. We have also observed that these polypeptides (approximately 26 x 103, 77 x 103, 100 x 103, and 110 x 103 daltons, respectively) are detectable when more than 100 ug of protein is analyzed on acrylamide gels but not when the more routine 20 to 50 Mg is employed (data not shown). Furthermore, no one has reported data assessing purity by utilizing assays as sensitive as the nuclease assay being used here. Consequently, we reinvestigated endonuclease activity as a function of the method of virus purification (Table 4 ). There is a marked difference in endonuclease activity in virions purified by different methods. In general, virions purified from the growth medium (method B) contain considerably higher enzyme activity than those purified from cells. This difference does not correlate with the presence of detectable nonstructural polypeptides on acrylamide gels. Only one preparation (no. 42) showed contaminating protein (most likely albumin) when 25 to 50 Mg was analyzed on gels. This polypeptide was not detected after further purification of virions by velocity sedimentation. Furthermore, in studies in which endonuclease-specific activity was followed during repeated isopycnic centrifugation of virions concentrated initially by polyethylene glycol (preparation 33), con- laminating proteins (predominantly albumin) were readily detected by gel electrophoresis during the first and second equilibrium but not in the third. However, the specific activity of the endonuclease (counts per minute of DNA I converted per milligram of protein) did not change appreciably during the purification (i.e., less than threefold).
Comparison of "virion endonuclease" with cellular and serum DNA endonucleases. The data obtained above strongly suggested that the growth medium was the source of the endonuclease. Such an enzyme could be present in the fetal calf serum or liberated from the host cell upon lysis due to infection. We, therefore, compared the virion endonuclease with endonucleases obtained from serum and purified uninfected monkey cell nuclei.
As a first approach, the endonucleases were analyzed by chromatography on DEAE-cellulose. The virus-associated activity (Fig. 3) , as well as the major serum endonuclease activity (Fig. 1) and one of the nuclear activities (Fig. 2) eluted from the column at similar ionic strengths (140, 150, and 150 mM NaCl, respectively). Thus, it was not possible to distinguish the different activities by their behavior on anion exchange columns under the conditions used. Fractions from the chromatography of the fetal calf serum (designated CS-1) and of the uninfected nuclei (designated N-1 and N-2) were pooled as indicated in the figure legends and employed in subsequent comparison with the viral-associated enzyme (V-1).
We previously reported (15) that the specific activity of the viral endonuclease was a function of the divalent cation utilized in the assay. We consequently attempted to exploit this finding as a further means of comparing the respective nucleases. For convenience, the activity profile was determined for one source, the serum endonuclease (Cs-1). Table 5 indicates activity profiles of Cs-1 with different divalent cations. All of the cations tested showed relatively broad optima when tested at pH 7.4 under otherwise constant assay conditions. Different concentrations of enzyme were used in obtaining these data for the different divalent cations so as to have greater than 30% conversion in all cases at optimal cation concentrations. This enzyme has no activity in the absence of added divalent cation. A comparison of activity of Cs-1 at the same protein concentration is shown in Table 6 Table 4 ). A 2-ml sample was applied to 5 ml of DEAE-cellulose equilibrated with 10 mM Tris (pH 7.4). The column was washed with 2 ml of 10 mM Tris (pH 7.4), and gradient elution was initiated as in Fig. 1 and 2 . The gradient extended from 0 to 0.6 M NaCI in 10 mM Tris (pH 7.4), in a total volume of 110 ml. Endonuclease activity was measured by the filter disk method after incubation of 10 Mil of the fraction with DNA I and 10 mM MgCI, in a final volume of 30 MI for 2 h at 37 C. Radioactivity due to DNA II in the DNA Ipreparation (80 counts/min per filter) was not subtracted before plotting. One hundred percent conversion corresponds to 400 counts/min bound to filter. Broken line indicates NaCI molarity of eluant. (Table 6) . First, the different nuclear enzymes can be distinguished from each other and Cs-1 by this criterion. Secondly, the virion endonuclease (V-1) is clearly different from the nuclear enzymes. On the other hand, it is rather similar to Cs-1. It is, of course, possible that any of these enzyme preparations contain multiple endonucleases since no effort was made to obtain biochemical or even enzymatic homogeneity. Nonetheless, the data, though hardly definitive, do support the conclusion that the predominant virion endonuclease activity is similar to Cs-1. Since these studies were performed using analysis by alkaline sucrose gradients, it was also possible to rule out the presence of appreciable exonuclease activity in any of the preparations under these conditions.
Infectivity of nuclease-free virions. This problem was circumvented by our finding that Vero cells can be propagated in the presence of low concentrations of serum. Confluent monolayers were therefore prepared, infected with nuclease-negative virions in the presence or absence of added serum, and assayed for the production of viral DNA I by incubation with [3H]thymidine 40 h later. No differences were noted between the two samples ( Table 7 ) either in the quantity of viral DNA or the proportion of DNA I and II, further supporting a non-essential role for V-1.
Attempts at detection of a covert endonuclease in virions. The preceding experiments do not, of course, preclude the presence of other endonucleases associated with purified virions. Such putative enzyme(s) could either be on the virus surface inaccessible to DNA under the assay conditions or internal to the particle. Since we were able to prepare virions essentially free of V-1, it was important to attempt to uncover such an activity. As described below, the virions were disrupted at pH 10.5 or in DOC and salt as described in Materials and Methods or by repeated cycles of freezing and thawing. The preparations were then analyzed as follows. First, we assayed disrupted particles with exogenous DNA I with or without prior centrifuga- Table 4. VOL. 17, 1976 tion to remove liberated non-radioactive virion DNA (which could act as a competitor in the nuclease assay). Second, radioactive thymidine or 32P-labeled virions were prepared free of V-1, disrupted, and assayed for digestion of endogenous virion DNA I. Disruption was verified by susceptibility of endogenous radioactive DNA to digestion by DNase I (Worthington). Virions from wild type and tsA30 infection were employed. In the latter case, a temperaturerestricted endonuclease was sought at 33 C as well. Assays of endonuclease were routinely performed at 37 C in the presence of 10 mM Mn2+ for 60 min and the products were analyzed on alkaline sucrose gradients. In several experiments no cation or various divalent cations were employed in an otherwise standard reaction mixture. We were unable to "activate" a latent endonuclease with any consistency or reproducibility. In occasional experiments, very low levels of endonuclease were observed (10 to 20% conversion of DNA I in 1 to 2 h at 37 C). However, we feel it is unwarranted to place great emphasis on those results since we were unable to be certain that such activity was not due to persistence of low levels of V-1 (e.g., more tightly virion associated) despite further purification of virions by one or more velocity sedimentations. In at lease one case, sufficient activity was obtained to confirm that the activity observed had the same relative activity with divalent cations as V-1 and Cs-1. DISCUSSION When conventional means are utilized to purify papovaviruses, endonuclease activity is associated with the particles. It now appears that the major SV40-associated activity may originate in the serum used to propagate the cells and virus. This conclusion is based on a variety of lines of evidence. First, the majority of the activity separates from virions on velocity gradients without deliberate damage to the virions. Second, the activity is lower when virions are prepared under conditions in which exposure of the virus to serum proteins is minimized (as with cell-derived virus). Third, it is unlikely to be a virus-coded function since no heat-labile nuclease has been found among a large number of ts mutants of SV40 including several tsA mutants which logically might code for an endonuclease. Fourth, divalent cation requirements and DEAE-cellulose chromatography demonstrate similarities of the virion and serum enzymes.
It is not possible as yet to determine whether activity associated with virions obtained in some other laboratories or partially purified from cells in this laboratory contain a virusspecific endonuclease. However, the propensity of SV40 to bind endonuclease and retain it despite repeated isopycnic centrifugations in the presence of high salt suggests that other, perhaps cellular, enzymes might also be present on the virus. Conversely, it would be unwarranted to conclude that there is no specific endonuclease tightly associated with papovavirus virions although our efforts have thus far been unsuccessful employing two procedures which disrupt virions. Although we know that these disruption procedures are compatible with retention of Cs-1 and V-1 nuclease activity (unpublished data), several caveats should be pointed out concerning these experiments. The stability of the putative endonuclease is not known. The procedures employed frequently required dialysis, centrifugation, or other procedures which could have resulted in the loss of low levels of activity. Experiments with disrupted virions or fractions therefrom could have contained inhibitors including viral structural proteins or histones. Finally, we were unable to utilize the procedures employed, apparently successfully, by other laboratories, because of the resistance of our purified virions to presumptive disruption upon freezing (and thawing) (14) or prolonged storage at 4 C (6).
Parodi it al. (23) have described a nuclease in polyoma virions with limited specificity for closed circular DNA (one site with polyoma DNA I, two sites with SV40 DNA). The basis for this apparent specificity is not yet known and no data were provided comparing this activity to nonvirion endonuclease. Although the site preference of V-1 of SV40 has not been investigated, we previously showed that it initially made a single-strand nick in DNA I followed by multiple scissions on subsequent incubation (15) . It is important to note, however, that the choice of divalent cation(s) or NaCl concentration may be critical when assessing specificity as shown by several recent studies (2, 18; B. Polisky, P. Greene, D. E. Garfin, B. J. McCarthy, H. M. Goodman, and H. W. Boyer, Proc. Natl. Acad. Sci. U.S.A., in press).
Finally, a warning appears justified from this study. These data serve to emphasize the necessity for caution in interpreting the role of particle-associated enzymes and in assessing purity of virions obtained by present purification techniques. Acrylamide gel electrophoresis cannot be relied upon to demonstrate purity of a virion. Finally, repeated use of a single technique (e.g., successive isopycnic centrifugations in CsCl) is insufficient to purify virus away from contaminants. We suggest that isopycnic centrifugation coupled with velocity sedimentation yields virus of significantly higher purity.
